Abstract
Introduction
Inflammation occurs in the delayed-type adverse drug reaction called DRESS (drug reaction with eosinophilia and systemic symptoms) syndrome. Typical features of DRESS include fever, lymphadenopathy, skin eruptions, and the involvement of an organ, most commonly the liver [1] . The diagnostic criteria for DRESS are defined by the RegiSCAR score, derived from data collected by the European Registry of Severe Cutaneous Adverse Reactions (SCAR) to Drugs, published by Kardaun et al. [1] . The score is based on both clinical and laboratory features; the latter include hematological abnormalities and markers of organ involvement. A particularity of DRESS is a late onset of symptoms, namely 2-8 weeks after starting the culprit drug. Symptoms persist for at least 2 weeks or more after onset, despite removal of the culprit drug. Early and accurate diagnosis of DRESS remains challenging since it may be confused with other causes of systemic inflammation, including autoimmune diseases and viral, bacterial, or parasitic infections. The interpretation of laboratory markers of inflammation is particularly challenging in cases where, for example, an antibiotic used to treat an infection may have caused DRESS. Approximately 23% of DRESS cases in the RegiSCAR study were caused by antibiotics [1] . In other cases, physicians may be prompted to initiate antibiotics due to elevated inflammatory markers, when these might not be indicated. Cases of suspected DRESS syndrome therefore often pose diagnostic challenges and therapeutic dilemmas to the treating physicians, particularly with regard to commencing or continuing anti-infective treatment. Moreover, the clinical course of DRESS is worsened if the diagnosis is delayed and the culprit drug not discontinued.
Laboratory markers of inflammation include elevated C-reactive protein (CRP) and leukocyte counts. CRP is an acute-phase protein, which increases up to 1,000-fold in inflammation. It is produced by the liver in response to increased IL-6, and has proinflammatory effects in mediating both the humoral and cellular effector cell pathways of the innate immune system [2] . Normal laboratory values of CRP in the population are up to 10 mg/L. Values above this are considered to be associated with inflammation. A study of 545 patients found that among 53 patients with CRP > 100 mg/L, 83% had bacterial infections [3] . Another study of 130 patients with CRP > 500 mg/L found bacterial infection to be the underlying cause in 88% [4] . However, nonbacterial inflammation may cause an equally high elevation of CRP. A study of 24 patients with DRESS syndrome showed a mean CRP value of 131 mg/L (14-467 mg/L) and > 150 mg/L in 8 patients [5] . The study also showed a leukocyte count elevation with a mean value of 18.5 g/L in DRESS patients (normal range 4-10 g/L).
A more specific marker of bacterial infection is procalcitonin (PCT). Its value correlates with the severity of the infection. The normal range is < 0.1 ng/mL [6] . Like CRP, it may increase up to 1,000-fold, and it is part of a tissue-based host defense mechanism. A cut-off value of < 1 ng/mL is proposed for distinguishing bacterial infections from a viral infection [7] or autoimmune inflammatory condition [8] . Meta-analyses have shown that PCT has higher accuracy than CRP in distinguishing bacterial from viral infection and other inflammatory conditions such as exacerbation of an underlying autoimmune disease or drug fever [9] [10] [11] . However, PCT may be elevated in the absence of a bacterial infection, e.g., after tissue damage due to severe mechanical or surgical trauma, chemical pneumonitis, pancreatitis, burns, or heatstroke. Whether PCT is elevated in DRESS patients is not currently well described due to a paucity of data. Only a few literature cases and studies report PCT values [12] [13] [14] [15] .
Because the extent of CRP and PCT elevation in patients with DRESS syndrome is currently not accurately known, we conducted a study looking at these parameters in DRESS cases reported at the pharmacovigilance centers in north-western and southern Switzerland and also cases reported in the medical literature.
Material and Methods

Selection of Cases
A retrospective descriptive analysis was performed. The data were obtained from individual case safety reports (ICSRs) in the databases of the regional pharmacovigilance centers (RPVCs) in DOI: 10.1159/000487670 north-western and southern Switzerland. Both RPVCs report to the Swiss drug authority, Swissmedic, that is part of the drug monitoring system coordinated by the World Health Organization (WHO). All data from the RPVCs are reported in a completely anonymized fashion, so no approval from the ethics committee was needed for this study according to Swiss law.
We searched the database of the 2 regional centers for cases reported in 2008-2016 that contained either the adverse drug reaction term "DRESS" or 2 characteristic DRESS features occurring as joined terms in the title of the ICSR: "hypersensitivity reaction," "hypereosinophilia," "rash," "liver enzyme elevation," "interstitial pneumonitis," "interstitial nephritis," and "myocarditis." No ICSRs were published in the medical literature and all were scrutinized for double-reporting. In order to compare the DRESS data from the RPVCs with published case reports, we searched PubMed-MEDLINE for "DRESS," "drug reaction with eosinophilia and systemic symptoms," or "drug-induced hypersensitivity syndrome," and "C-reactive protein," or "procalcitonin" with and without the use of MeSH terms. Case reports were limited to the years 2009-2016, and to those published in English, French, or German. No conference abstracts were included. Cases for which at least 1 CRP or PCT value was available were included.
We evaluated each RPVC DRESS case by applying the RegiS-CAR scoring system [1] . Cases were classified as a "definite case" (≥6 points), a "probable case" (4-5 points), a "possible case" (2-3 points), or "no case" (0-1 point). Cases with scores < 2 points were excluded from the analysis (Fig. 1) .
The RegiSCAR scoring system includes clinical and hematological characteristics, namely, fever > 38.5°, lymphadenopathy, eosinophilia > 700/µL, the presence of atypical lymphocytes, rash on > 50% of the body surface, exanthema suggestive of DRESS including maculopapular exanthema, palpable purpura, facial edema or desquamation, skin biopsy compatible with DRESS, the involvement of an organ (liver, kidney, lung, or heart), a time to resolution of > 15 days and the exclusion of > 3 differential diagnoses among the following: infection with hepatitis A, B, or C, Mycoplasma or Chlamydia pneumoniae and other positive serology according to polymerase chain reaction, blood cultures, or results for antinuclear antibodies [1] .
Literature cases were evaluated either according to their published scores (the RegiSCAR score or the Japanese Consensus Group for Drug-Induced Hypersensitivity Syndrome [16] ), if available, or according to the RegiSCAR score determined using the reported clinical details. Missing values were awarded the same number of points as values not fulfilling the diagnostic criteria in accordance with the instructions for completing the RegiSCAR DRESS validation score [1] . The presence of missing data points could thus not lead to the overrating of cases, and is even likely to have caused underrating in some instances.
For each case, we determined if another underlying condition such as infection, autoimmune disease, or malignancy (all known to be associated with raised inflammatory markers [17] [18] [19] ) could have caused the CRP and PCT elevations. Cases where DRESS was the only cause of inflammation were assigned to group A and the remaining cases to group B, for ease of comparison ( Fig. 1 ).
Data Collection
Demographic features (sex and age), laboratory values (peak available values for CRP, PCT, and leukocyte and eosinophil counts), clinical features (the presence of fever, lymphadenopathy, organ involvement, skin manifestations, and outcome), and suspected drugs along with their corresponding indications were extracted from the ICSRs and the literature case reports, and listed in an electronic spreadsheet (MS Excel 2010). Furthermore, the association between the suspected drug and DRESS as given in the RPVC reports was recorded. In the ICSRs, the suspected drugs were assessed by the pharmacovigilance experts at the RPVCs as having a "certain," "probable," "possible," or "unlikely" causal relationship with the development of DRESS according to the WHO/Uppsala Monitoring Centre (WHO-UMC) system for causality assessment [20] . All cases in which the use of > 1 possible culprit drug or another possible underlying disease were present were classified as possible, and cases unlikely to be caused by another drug or condition were classified as probable. A certain drug causality was for a drug showing a positive rechallenge (a repeated DRESS event occurring after readministration of the culprit drug). Drugs taken over a period of > 3 months were labeled as unlikely to have caused DRESS, analogous with the RegiSCAR study [1] .
Statistical Analysis
Statistical analysis was descriptive and was performed using Microsoft Office Excel 2010. Mean and standard deviation, median, and quartile values were calculated as appropriate. p values were calculated by application of the two-tailed Student t test. Non-normally distributed data were log-transformed prior to performing the tests. Receiver operator characteristics (ROC) analysis was performed to determine the optimal cut-off values for CRP and PCT to distinguish cases without and with an additional cause of inflammation (groups A and B, respectively). These analyses were performed using VassarStats [21] . Pearson correlation coefficients (r) were determined to assess associations between PCT values and other laboratory markers, namely, liver function tests, creatinine values, and eosinophilia. 
Results
Case Characteristics
A total of 103 potential DRESS cases were identified. Of these, 94 were included: 39 cases from Swiss RPVCs (24 from north-western and 15 from southern Switzerland) and 55 cases from the literature search [13, 14, (Fig. 1) . Details of the 55 literature cases are given in the online supplementary table (for all online suppl. material, see www.karger.com/doi/10.1159/000487670). A comparison of demographic and clinical features is shown in Table 1 . The average age of the RPVC cases was older than that of the literature cases; the latter showed a broader range as 7 pediatric DRESS cases (none of them neonates) were included. In both groups, female sex was predominant. Classification of cases by RegiSCAR score showed a higher percentage of definite cases in the literature reports. Two cases in each group had a fatal outcome. In one-third of all cases, skin histology showing perivascular lymphocytic infiltration or epidermal spongiosis was present. Also in one-third of the cases, > 3 differential diagnoses with similar clinical skin and organ involvement were tested for and excluded.
In all cases together, 57 different culprit drugs were implicated (Table 2) . A third of these were antibacterial drugs, followed by antiepileptic drugs (23% of all cases), sulfonamides (15%), and allopurinol (11%). Among the RPVC cases, only 1 case showed a positive rechallenge and was classified as certain, and 17 cases showed probable causality.
CRP, PCT, Leukocyte, and Eosinophil Values
Values of CRP, PCT, and eosinophil count with corresponding leukocyte count are shown in Table 3 . The distribution of CRP and PCT values is illustrated in Figure 2 . CRP was measured in 99% of cases and PCT in 27% of cases. Leukocyte and eosinophil counts were measured in > 80% of cases.
Cases Where an Additional Cause of Inflammation Could Not Be Excluded
We evaluated whether an additional underlying condition could have been responsible for the clinical and laboratory inflammation features. Twenty-five of 39 RPVC cases had DRESS syndrome as the only cause of inflammation (group A) while the remaining 14 cases were evaluated as having a possible additional cause for the elevation in inflammatory markers (group B). In 12 of these 14 cases, an active bacterial infection occurred simultaneously with the DRESS syndrome. These were pneumonia (2 cases), cerebral abscess (2 cases), other abscess (2 cases), septic arthritis (2 cases), other bacterial infections (2 cases), and sepsis (2 cases). Two DRESS cases occurred in patients with hematological malignancies. In the 55 literature reports, only 9 question another possible additional reason for an inflammatory response: pneumonia (1 case), septic arthritis (2 cases), osteomyeli- tis (3 cases), sepsis (2 cases), and a first episode of Crohn's disease (1 case). In both groups with other possible causes for inflammation, definite, probable, and possible DRESS cases were evenly distributed. Table 4 shows the comparison between all mean and median values of CRP, PCT, leukocyte count, and eosinophil count of cases with inflammation related to DRESS only (group A), and cases where additional causes for inflammation were possible (group B). Mean CRP values are significantly higher in group B than in group A. ROC analysis gave an area under the curve (AUC) of 0.717 for a cut-off CRP value of 99.4 mg/L to distinguish between patients without and with an additional cause of inflammation. Median PCT values were 0.67 and 1.37 ng/mL in groups A and B, respectively. A single outlier in group A (30.17 ng/mL) was included in all calculations but is not displayed (Fig. 3) , in order to optimize the graphical display. However, the difference was not significant (Table 4) . ROC analysis of PCT gave an AUC of 0.677 for a cut-off PCT value of 2.74 ng/mL. Leukocyte counts showed similar median values in both groups; eosinophil count, however, showed slightly higher median values in group B. PCT values were studied in further detail with regard to their association with other laboratory markers. Moderate correlations were found between PCT and alanine aminotransferase and aspartate aminotransferase, and a strong correlation was found between PCT and γ-glutamyl transpeptidase (Table 5) . 
Discussion
In this observational study of 39 DRESS cases reported to RPVCs in north-western and southern Switzerland, and 55 cases reported in the literature, we found that CRP, PCT, leukocyte, and eosinophil values are elevated, in some cases to levels seen in acute, serious infections.
Furthermore, we observed that CRP and PCT values were higher in cases with a possible additional reason for inflammation.
Case Characteristics
The demographic and clinical features of the cases reported here are similar to those of a recently published Group A consisted of patients in whom DRESS was the only cause of inflammation and group B consisted of patients in whom there was a possible additional cause. 1 The Student t test was performed on log-transformed data.
Color version available online
Inflammatory Markers in DRESS Syndrome series with 45 cases [70] and a retrospective review of 172 published cases [71] , in which 72% of cases were classified as definite or probable DRESS according to the Regi-SCAR score (comparable to the 80% in this study).
The most frequently reported drugs in this study were sulfasalazine, carbamazepine, and allopurinol. These were also the most frequently reported drugs in the literature review of 2011, followed by other antiepileptic drugs, with antibiotics only being related to a minority of cases [71] . However, in our analysis of RPVC and literature cases, one-third of all suspected drugs were antibiotics and 90% of cases where an additional cause of inflammation could not be excluded were related to antibiotics. Eight of these were under polymedication, 3 of the patients even received both antibiotic and antiepileptic drugs, for intracranial abscess or meningitis complicated by epilepsy. Such clinical situations are additionally challenging for 2 reasons. Firstly, it is difficult to determine if inflammation markers are elevated due to DRESS or to infection. Secondly, in cases of polymedication, it is not easy to accurately determine and remove the culprit drug causing DRESS.
CRP, PCT, Leukocyte, and Eosinophil Values
In this study, the mean CRP value was 109.2 ± 79.4 mg/L in 93 cases. No CRP values were within the normal laboratory range (< 10 mg/L). The diagnostic performance of a CRP cut-off value of 99.4 mg/L in distinguishing between patients with DRESS only and patients with an additional cause of inflammation was moderate (ROC AUC 0.717) [72] . A study of 24 DRESS patients revealed a mean CRP value of 131 mg/L [5] . A further study of CRP and PCT profiles in 95 patients with a variety of different drug hypersensitivity reactions included 15 patients with DRESS syndrome [15] ; these 15 patients had a mean CRP value of 45.5 ± 35.4 mg/L. The authors proposed a cut-off value of 66.7 mg/L in order to distinguish delayed-type drug reactions (95 measurements) from bacterial infection (47 measurements).
Mean PCT value was > 1 ng/mL in our study. Values > 1 ng/mL are considered to indicate bacterial infection or sepsis [8] [9] [10] [11] . A concurrent bacterial infection was not excluded in one-quarter of the cases in our study. The PCT values of 9 such cases showed a mean value of 1.68 ng/mL and a median value of 1.37 ng/mL. This was in contrast to the median value of 0.67 ng/mL among patients who did not have another cause of inflammation. The mean value in this group was, however, higher than among patients with an additional cause of inflammation due to an outlying high value (30.17 ng/mL). The difference in PCT values was not significant between the 2 groups and the diagnostic performance (using a cut-off of 2.74 ng/mL) was low (ROC AUC 0.677), possibly due to the small sample size. In the study by Yoon et al. [15] , the mean PCT value was 0.79 ± 1.54 ng/mL for 15 patients with DRESS syndrome and a cut-off value of 1.67 ng/mL distinguished well between patients with delayed-type drug reactions and those with bacterial infections (ROC AUC 0.95). In both our study and Yoon et al. [15] , PCT values were observed which were clearly > 1 ng/mL in the absence of infection. This may be due to the immune-mediated organ injury which is a hallmark of DRESS. Indeed, PCT elevation has been observed in cases of liver injury independent of the presence of bacterial infection. Rule et al. [73] found a median PCT value of > 1.57 ng/mL in 59 patients with acute liver failure without sepsis. There was also no significant difference in PCT values between the 56 patients with and the 59 patients without bacterial infection. The authors suggested that severe hepatocyte necrosis caused the inflammation that resulted in elevated PCT levels.
Mean leukocyte counts, a further marker of inflammation, were elevated above the normal laboratory range of 10 g/L, and there was no significant difference between the cases where an additional reason for inflammation besides DRESS could and could not be excluded. This suggests that the leukocyte count is not useful in distinguishing between these 2 types of patients with DRESS syndrome.
Eosinophil counts had mean values > 1.5 g/L in both the RPVC and the literature cases. Mean eosinophil counts were significantly higher in cases where an additional inflammatory condition beside DRESS was not excluded. This was unexpected, as bacterial infection, the commonest reason for inflammation in addition to the DRESS syndrome, is not typically associated with eosino- philia. We recommend interpreting this finding with caution, however, as the sample size is small and the case-mix heterogeneity is large. A limited number of paired PCT and other laboratory marker measurements could be assessed for correlation (Table 5) . PCT correlated with liver function test measurements (most strongly with γ-glutamyl transpeptidase), indicating that PCT in DRESS may be an indicator of hepatic tissue damage as found by other investigators [73] . There was no correlation between PCT and eosinophil count (21 paired observations), suggesting that the pathomechanisms of PCT elevation and eosinophilia in DRESS syndrome are independent of each other.
Limitations
A retrospective study design is associated with more missing data than a prospective study, and, due to the nature of the data sources, investigation was limited to only a single measurement during the course of the condition. There was a clear paucity of PCT measurements, possibly reflecting the general perceived use of this biomarker in clinical practice. However, cases of DRESS are rare, and prospective studies take several years to complete. The rarity of the condition also leads to small sample sizes. An additional limitation is the higher percentage of definite cases among the cases reported in the literature. This may reflect publication bias and the incomplete nature of the information available to the RPVCs, including the results of subsequent allergy tests. Further investigation is required to define the use of CRP and PCT markers in achieving better management of DRESS cases, with and without concurrent infection, or other causes of inflammation.
Conclusions
CRP and PCT values were found to be elevated in this retrospective observational study of 94 possible, probable, and definite DRESS syndrome cases, even among cases where concurrent infection was excluded. CRP values were significantly higher in patients with possible additional causes for inflammation. Additionally, a PCT value above the normal cut-off (highly suggestive of bacterial infection) may result from DRESS syndrome-associated inflammation alone. Evaluating CRP and PCT values in light of these findings might help physicians to distinguish between cases of DRESS syndrome, with and without concurrent infection, or other causes of inflammation. This may further aid decision-making regarding the best treatment plan for individual cases.
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